
Abstract--1. Testes of Heliothis virescens synthesized ecdystel 
the optimum calcium titer for testis sheaths stimulated to synl 
the optimum for testes stimulated in vitro with the peptide 

2. Verapamil at concentrations lower than 10 -3 M induced 
more efficient synthesis when calcium influx was inhibited. 

3. Hemolymph of H. virescens was 7 mM in calcium, wh 
calcium. 

I N T R O D U C T I O N  in oil 

Gelm dcium ions are involved in vertebrate processes as 
Terse as regulation of muscle contraction, secretion early 

synth 
hormones, digestive enzymes and neurotrans- brain 

tters, transport of salt and water across the gut, 
d glycogen metabolism in the liver (Rasmussen, iotrol 
83). Although not as much evidence has been synth 
cumulated for insect systems, similar functions for types 
t 2+ have been indicated (Berridge and Lipke, 1979). optirr 

of thi :ogenous Ca 2+ are required for response to eclosion 
rmone by Manduca sexta nerve cord (Truman, types 
80) and stimulation of the metabolism of lipid and calciu 
rbohydrate by fat body exposed to adipokinetic 1978) 

calci~ rmone and trehalagon (Steele, 1980). Stimulation 

'nthesize ecdysteroid de novo whel 
extracts containing the pept 

pin (TE) (Loeb et al., 1987, 191 
'nthesis of immunodetectable eccl 3 

of testes from H. virescens 
~timal in low titers of exogenous 

this dependence was explored b3 
of testes to a range of Ca 2+ til 

calcium influx antagonist (Rosenbe 
), and calcium ionophore A231~ 

calcium transport across membr 

he neuropeptide neuro- 
aires influx of calcium 
migratoria (Lange et al., MATERIALS AND METH 
3f diuretic hormone in Experimental animals and organs 
ited by activation and H. virescens were obtained as pupa~ 
mnels (Maddrell, 1980). Insects Laboratory, Phoenix, AZ, and al 
~uca sexta, cultured with adults. Eggs were collected and the re,, 
9racicotropic reared and staged as described (Loeb 
quantities of ecdysone Testes were dissected from H. virescem 

he external calcium con- instar (digging stage, days 3 and 4) wll 
he Ca 2+ flux is increased detectable quantities of eedysteroid only 

TE and after testis fusion (buried stage, c 87, although basal pro- 
fith and Gilbert, 1986). pupation, when testes secrete ecdystero 
(1988a,b) reported little addition of TE (Loeb et al., 1984, 1987 

ia or calcium channel 
lesis of juvenile hormone Standard Ringer was 173mM in s~ 
9m Locusta migratoria, calcium, 3.7raM in potassium, 180m~ 
uced by the ionophore, 2.8 mM in bicarbonate. Calcium-free Ri 
," synthesis and release, by substituting sucrose (Sigma) (3.61 
lesize several ecdysteroid osmotic properties. Analysis by flame 
al., 1982; Shimizu et al., troscopy indicated the actual Ca 2+ col 
ecdysone (20HE) is the cium-free Ringer was 4.6 + 0.88/~M. Ho, 
ue secreted by testes of Ringer plus 10 -4 M EDTA was render~ 
t Woods, 1989), Lyman-  calcium according to computer aided cal 

1988). Ringer containing other Ca 2+ titer 
8) and Ostrinia nubilalis was prepared with sucrose-substituted 

• • , r i , • , 

m l l  

and 
19~ 
accumulated 
Ca 2+ 
Ex, 
hormone 
1980' 
carboh, 
hormone 
of ovanan muscle with the 
transmitter, proctolin, reqmres 
into the oviduts of Locusta 
1987). Controlled release of 
Rhodnius prolixus is mediated 
inactivation of calcium channels 
Prothoracic glands of Mandu 
the neuropeptide, prothoracicotr 
(PTTH), secrete increasing 
and 3-dehydroecdysone as the ext, 
centration is raised, and as the 
by calcium ionophore A23187 
duction is not affected (Smith 
However, Dale and Tobe (1988a,b 
effect of calcium-free media 
blockers on release and synthesis 
(JH) by corpora allata from 
Nevertheless, Ca 2+ flux induced 
A23187, increased hormone 

Testes of lepidoptera synthesize se~ 
analogues in vitro (Loeb et al.. 
1985), although 20-hydroxyecd 
primary ecdysteroid analogue 
Heliothis virescens (Loeb and Woods 
tria dispar (Loeb et al., 1988 
(Gelman et al., 1989). Fused testes 
instars of H. virescens, previously a~ 
require no additional stimulus to proc 

p p .  3 0 3 - 3 0 8 ,  1 9 9 1  

CALCIUM IONS ON E 
BY TESTES OF HELIOT~ 

MARCIA J. LOEB 
nd Hormone Laboratory, USDA, ARS, I 

(Received 26 March 1991) 

'steroid in medi 
:nthesize ecdy 

testis ecdys 
10 -3 M induced increases il 

while whole I~ 

vitro (Loeb 
Gelman et aL, 

last inst~ 

1976). 

:otro hormone 

a,b) 
Incubation media 

ROID 
ESCENS 

20705, USA 

w titers of calcium; 
vas ca 1 mM, while 
a 0.3 mM calcium. 
ynthesis, indicating 

ntalned at 1-2 #M 

; Shimizu et al., 1985; 
ever, paired testes from 
ens can be induced to 

when incubated with 
)tide, testis ecdys- 

1988). In this work, 
rsteroids by both 
was found to be 
Ca 2+. The nature 

by subjecting both 
titers, verapamil, a 

~,osenberger and Triggle, 
e A23187, which induces 
membranes (Pressman, 

ODS 

~ae from the Cotton 
and allowed to emerge as 

resulting larvae were 
and Hayes, 1980). 

mrescens at mid-last larval 
when they synthesize 

ty in the presence of 
day 5), just prior to 

steroid /n vitro without 
). 

sodium, 1.8 mM in 
mM in chloride and 
Ringer was prepared 

(3.6mM) to maintain 
flame absorption spec- 

concentration in cal- 
M. However, calcium-free 

ered 0.01 #M in free 
dded calculations (Fabiato, 

titers (0.1 and 0.5 raM) 
stock to maintain 

original Ringer solution. 
pared as a 10 -2 M solution 
DMSO (Sigma, St. Louis, 



ate (blgma) 0 % )  was also mclucleO to retard bacterial of  sol 
)wth. EDTA (Sigma) (10 -4 M) was used as Ca2+-free rando: 
~dia for 0 Ca 2+ controls in calcium testes 
~eriments. maril) 

stis ecdysiotropin possib 
situati 

Brains of  day 4-6  pupae of  H. virescens or day 6-7 pupae carefu 
Lymantria dispar were stored separately at - 2 0 ° C  in mated 
thanol: acetic acid: water: thiodiglycol, 90: 9: 0.9: 0. l (by testicu 
t). Brains were sonicated in this solution. The super- tribut~ 
rants obtained after centrifugation (1470g) were used to eigl 
er drying an appropriate amount without heat (Speed incub~ 
c concentrator, Savant, Farmingdale, NY) and reconsti- some q 
ing it in incubation medium just prior to use. Since TE provid 
ginating from either species induced synthetic activity in Apprc 
tes of  either species (Loeb et al., 1988), TE-active brain duced 
ract from either species was used as generic material, use as 
fin extracts were prepared from batches of  only 10-30 experi: 
tins at this stage of  the work; at least five different lots of  wherei 
tin extract were used, with equivalent results. The number Ringe~ 
brain equivalents used per well (0.5-1) corresponded to calcim 
maximum TE activity for that preparation, as indicated dose t 

iments 
cated 

Enough methanol to produce a 67% solution was mixed presen 
o each sample after incubation. Samples were sonicated contai 
eat Systems) and centrifuged at 1470g; resulting super- taininl 
Iants were dried and subjected to RIA as described by the ar 

as a sneam preparauon (Loeb el 
~enment, two or four wells were res 

wherein testes, or testis fragments were in 
tger (for comparison to substituted R 

calcium-free Ringer containing 10 -4 M 
response experiments) or Ringer 

Ca 2+ (for A23187 and verapamil dos 
iments). All experimental and control s; 

in each experiment; data for e 
~resented as the mean of  the duplical 

containing testes or testis fragments, a 
g solutions but no tissue was incl 

amount of  ecdysteroid detected in 
dysteroid antibody A1 had subtracted from the amount in the well 
9acher against a hemisucci- Tissues or organs were incubated for 
~led to thyroglobulin at the table at room temperature. Incubation 
't al., 1977). [3H]-Ecdysone addition of  400/11 of  methanol to eacl 
[uclear Corp., Boston, MA) sealed with strips of  parafilm and stort 
~etitor; 20HE was used to processed for eedysteroid RIA. 
r each analysis. 

Presentation of  data 

Calcium dose response information i 
~ec in each of  three washes served. However, the response of  eact 

adherent hemolymph, and somewhat different, so that typical dat 
for subsequent treatment, iment are shown here. Other data are non 
ysis by dry ashing at 480°C ing them as the ratio of  the mean quan 
ld later diluted to appropri- produced in treated (experimental) we 
id and 8-hydroxyqulnoline mean quantity of  ecdysteroid producec 
analyzed by flame atomic 

cetylene flame) at 422 nm 
.hydroxyquinoline. A refer- RESULTS 
with known Ca 2+ content 
~n samples to ensure the Effects o f  Ca  2+ concentration on R I A  

steroid synthesis 

Typical  r e sponses  o f  fused 
shea ths  (solid line, circles) and  non- f i  

)representative testes were la ted  to secrete  ecdys te ro id  wi th  " 
ocular micrometer in an t r iangles)  to  a r ange  o f  ca lc ium co 

pc; volumes were calculated 
he formula for the volume s h o w n  in Fig.  1. The  curves  are  eat 
b2, where a is the radius of  o f  o.n!y one  expen~ment s ince the  d, 

ori£111s 
brain extract wet 
of  
the maximum TE 
by its dose response. 

Radioimmunoassay (RIA ) for ecdysteroid 

Em 
into 
(Heat 
natants 
Borst and O'Connor  (1974). Ecdy 
been prepared by W. E. Bollenbacher 
nate derivative of  ecdysone coupled 
C-22 hydroxyl group (Gilbert et 
(63.5 Ci/mmol) (New England Nuclear C¢ 
served as the ecdysteroid corot 
construct the standard curve for 

Calcium determinations 

Testes were rinsed for a few sec 
of  calcium-free Ringer to remove 
placed in calcium-free water 
Samples were prepared for analysis 
in a muffle furnace overnight, and 
ate volumes with 5% nitric acid 
(4% by weight). Samples were 
absorption spectrometry (air-acetylene 
against standards prepared in 8-h 
ence material (Diet RM8431a) 
was analyzed with the unknown 
accuracy of  the analyses. 

Calculation of  organ volumes 

The lengths and widths of  10 
measured with the aid of  an 
eyepiece of  a dissecting microscope; 
as in Loeb et al. (1984), using the 
of  a prolate spheroid V = 4~3nab 2, 
the long dimension and b is the radius ot 
sion. Volumes of  testis sheaths were estin 
ing the mean volume of  a hypothetical 1 
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lutions were made in lumen from the r 
f 50 mM in calcium of  the lumena wel 

ared in 0.5 mM Ca 2÷- of  representative 
.~ solubility. In exper- ution) from meal 
DMSO was added to last instar stage r 
DMSO concentration testes were 1.25 n~ 
) at 1% or less did not 1984). 
sheaths (unpublished 
mulated to synthesize Experimental des 
the presence of  small Freshly dissect 
), 20HE (Calbiochem soaked for 0.5 
ration of  5 pg/#l was concentration of  
dia. Gentomycin sul- iments. TE-stimu 
ed to retard bacterial solution in w 

randomly chosen 
dose-response were large~ 

ty in the she~ 
9ossible to use ti 
situations. Each q 
carefully as poss 

by eye) an 
testicular fluid a 
tributed into each 

ght pieces of  
incubated per we 
some of  the varia 
~rovided a set c 

pproximately tt 
per testis v 

sheath 

r Col 

f the whole testis. The radii 
~y subtracting half the width 
(suspended in Ringer sol- 

le testes. Mean volumes of  
instar stage B5 H. virescens 

m 3, respectively (Loeb et al., 

washed well in Ringer and 
e Ringer with the lowest 
the current series of  exper- 
• e incubated whole in 200 #1 
24-well plates (Falcon), in 
testes per well. Since fused 

oid production occurs pri- 
s (Loeb et al., 1982), it was 
same fused testis in several 
with a surgeon's scalpel as 
equivalent segments (esti- 

?ropriate Ringer to remove 
ysts. Fragments were dis- 
of a sterile 24-well plate. Six 
t from as many testes, were 
s method served to counter 
testes and at the same time, 
for comparison purposes. 

nt of  ecdysteroid was pro- 
incubated whole or cut for 
,oeb al., 1982). In each 

reserved for controls 
incubated in original 
Ringer solutions) or 

EDTA (for Ca 2+ 
containing 0.5 mM 

dose response exper- 
samples were dupli- 
each experiment is 

)licates. For each well 
replicate well con- 

incubated; after RIA, 
the replicate was 

well containing tissue. 
3 hr on a rotating 

tbation was stopped by the 
each well. Wells were 

stored at - 2 0 ° C  until 

is presented as ob- 
each preparation was 
data from one exper- 

are normalized by express- 
quantity of  ecdysteroid 

wells divided by the 
~roduced in control wells. 

on R I A  -detectable ecdy- 

H. virescens testis 
n o n - f u s e d  testes s t imu-  

T E  (do t t ed  line, 
concen t r a t i ons  are 

each  represen ta t ive  
da t a  var ied some-  

Ihe m e a n  o p t i m u m  Ca  z+ 
lode tee tab le  ecdys te ro id  
shea th  f r agmen t s  was 



CALCIUM ION CONCENTRATION (mM) 

g. 1. Typical effects of Ca 2+ concentration on immune- Fig. 3 
gieally detectable ecdysteroid synthesis by testis sheaths immu 
~m fused testes of H. virescens previously stimulated sheafl 
rive (solid line), and H. virescens testes stimulated to testes 

:fete ecdysteroid with TE (dotted line). Each point is the 
.=an of duplicates. Fused testis sheath fragments (n = 4 
periments) produced maximal immtmoreactive eedy- 
~roid at 0.94 + 0.16 mM Ca2+; non-fused testes stimulated (Fig. 
th 0.5-1 brain equivalents of TE produced maximal synth 
munodetectable eedysteroid synthesis at 0.37 + 0.11 mM Dilut 
~2+ (n = 5 experiments). Differences between the Ca 2+ to th~ 
tima for fused testis sheath secretion and TE-induced 
:retion were statisticaly different at the 0.995 percentile Effec 

(Student's t-test). Ca 

later. 
c o n c ~  ~4 + 0.16mM Ca 2+ (n = 4  experiments); in con- 

~st, younger testes stimulated with 0.5-1 brain cant 
uivalent of TE produced maximal immunoreactive (10 # 
dysteroid in media containing 0.37+0.11 mM conc~ 
~2+ (n = 5 experiments). Some synthetic activity nifica 
is often detected when external calcium concen- testes 
~tions approached zero. The differences between 
e Ca 2+ optima for TE-induced secretion and fused Calci 
~tis sheath secretion were statistically different at 
e 0.995 percentile (Student's t-test). All 

lymp! 

y to  ecuys~erom secreuon o) 
concentrations from 0.05 to 5 #M, 1: 

effect at the highest cone 
(10#M) (Fig. 3, solid line). Hog 
concentration of A23187 tested (0. 
nificantly inhibitory to secretion i 
testes, and of doubtful effect at high 
(Fig. 3, dotted line). 

Calcium titers o f  tissues and extrac 

Although the calcium concentrat 
~h of  H. virescens larvae wa 

7raM, Ca 2+ in whole testes w~ 
ecretion was inhibited at (Table 1). The calcium content of  b] 
M verapamil (Fig. 2). in these experiments was approxirr 

eath preparations of H. lower than that of testes, and then 
at TE was stimulated calcium to the incubation media Cl 
) -4M verapamil (Fig. 2, 
rail from 10 -4 to 10 - n  M DISCUSSION 

The optimal calcium concentratio 
production was approximately 1 m~ 
sheaths. Testes stimulated with the b 
synthesized ¢cdysteroid at appro~ 
calcium, which was significantly 

~ testes previously stimulated to synt~ 
in rive. The calcium requirements 
ecdysteroid by testes were quite difl 
of  the prothoracic glands of Mand 
and Gilbert, 1986; Smith et al., 198, 
ous calcium was essential for synthe 

" ~ in response to PTTH. Glands ex 
10 - 3  10 - 2  increased ecdysteroid production cc 

q OFVERAPAMIL (M) the Ca 2+ titer was increased to as 
ynthesis of immunologically (Smith and Gilbert, 1986; Smith 
irescens fused testis sheath contrast, ecdysteroid synthesis was 
=d testes stimulated with TE cium concentration greater than 1 

trast 
eql 
ecd, 
Ca 2+ 
w a s  

trations 
the 
testis 
the 

Verapamil 

In aU cases, ecdysteroid secretion 
concentrations above 10 -3 
Ecdysteroid synthesis in sheath 
virescens incubated without 
approximately six-fold in 10-4M 
solid line). However, verapamil 

9.0 t I 
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CONCENTRATION OF VERAP, 

Fig. 2. Effects o f  verapamil on s) 
detectable eedysteroid in H. virescens 
tissue (solid lines), and non-fuseq 
(dotted lines). The Y-axis represents syntl 
synthesis in control (0.5 mM Ca 2+) Ringe 

data point. Bars indicate the SEs o 

Ecdysteroid secretion by Heliothis test~ 

I 
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3. Effect o f (  
immunologically 
sheath preparati¢ 
testes stimulated 

lines). ] 
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,nthesis by .~ 

ution to 10- 
that of cont 

~rects o f  calcia 

Calcium ion 
y to ecdy 
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1 

• "" j~ 
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4 OF A23187 (uM) 

Lore A23187 on synthesis of 
~steroid in H. virescens fused 
and H. virescens non-fused 

racts containing TE (dotted 
;Es of the means. 

mulatory to ecdysteroid 
~s incubated with TE. 
[ TE-stimulated secretion 
wn in Fig. 2). 

A23187 

187 was slightly stimu- 
tion by fused testes at 

but had no signifi- 
concentration tested, 
However, the lowest 

(0.05 #M), was sig- 
in TE-stimulated 

aer concentrations 

extracts 

centration of the heine- 
was approximately 
was only 1-3 #M 

of  brain extracts used 
)roximately 1000-times 

therefore added little 
(Table 1). 

ation for ecdysteroid 
mM for fused testis 

brain peptide, TE, 
~roximately 0.3 mM 

lower than for 
nthesize ecdysteroid 

for synthesis of 
uite different from those 

Manduca sexta (Smith 
1987), where exogen- 

mthesis of ecdysteroid 
:posed to PTTH 

correspondingly as 
much as 10 mM 
et al., 1987). In 
inhibited at cal- 

1.5 mM for fused 
n 1 mM for testes stimu- 
l i .  virescens testis tissue 

t of locust corpora allata 



hich could synthesize and release JH in calcium free sligh 
tedia (Dale and Tobe, 1988a,b). However even more by f 
[-I was synthesized in media containing 1.3 mM ecdy 
flcium, whereas ecdysteroid synthesis by TE-stimu- 0.05 
Lted testes of H. virescens was inhibited in this range, sterc 
Verapamil is reputed to bind at a particular site on 

te calcium channel and acts to restrict the inward (Vel( 
ow of Ca 2÷ into cells (Rosenberger and Triggle, resul 
)78; Garcia et al., 1986). High titers ( 1 0 - 3 M  o r  corti 
tore) of verapamil appeared to block immuno- Tt 
:tectable ecdysteroid secretion by testes. Dale and Ca 2+ 
obe (1988b) similarly report high titers (10 -3 M) of cells 
,'rapamil toxic to locust corpora allata, stopping JH and 
roduction. High titers of verapamil affect the Na ÷ optii 
ad K ÷ currents which affect calcium entry in ver- prot] 
',brate cardiac fibers, and may have other effects on thesi 
[a + current in other vertebrate systems (Rosen- cium 
:rger and Triggle, 1978). It is possible that vera- in sl 
arnil was toxic to testis sheath cells of H. virescens as iJ 
I concentrations of 10 -2 to 10 -3 M as well. A 10-fold lutei: 
:crease in verapamil concentration, however, in- 
uced an approximately six-fold increase in synthesis Leyc 

flux, 
leaths; synthesis was increased approximately three- indu 
fld at 10 -4 to 10 -H M verapamil in testes stimulated whic 
y TE. In somewhat comparable fashion, locust asso~ 

thesize their hormonal products b 
cium titers. Low external calcium ti 

steroidogenesis in vertebrate I 
interaction with the modulati 

luteinizing hormone releasing horm 
1984), and transport of 

ydig cell mitochondria (Dufau, 
flux controls hormone-receptor att~ 
induced phosphorylation of a 
which complexes with luteinizin 
associated adenylate cyclase (Duf.' 

juvenile hormone m the receptor coupling in lepidopteran 
xnd at concentrations of cells is regulated in a comparable f~ 
(Dale and Tobe, 1988b). expect cells in the process of stimula 

calcium influx-dependent to be more sensitive to external Ca 
10 -6 t o  10 - s  M (Rosen- flux than cells in which sufficient 
• However, the calcium coupling had already occurred. Ev 
immunologically different parable mechanism in the lepidopt 
)rate tissue (Fosset and is provided by data showing that 
y be possible that calcium testes, activated to synthesize ecdys 
;ath cells have somewhat sion (Loeb et aL, 1987), functioned 
.'se agents than those of at a higher calcium titer than testes 
~'esented here suggest that Complex controls over ecdysteroi 
cens secretes ecdysteroid isms may exist as well in male in 
;iters of Ca 2+ and under 
calcium is inhibited. The calcium titer (7 raM) of tl~ 
:ium ionophore A23187 H. virescens is low compared to tl 
ecdysone production by other lepidopteran species, which 

; in the presence of PTTH 25 mM (Shaw and Stobbart, 196 
and greatly increased the amount of free calcium in the 
uvenile hormone by the actually be 15-20% lower than 
'atoria (Dale and Tobe, content due to binding by the ab 
adence on calcium move- proteins, amino acids and other 
11 membranes. One would components (Taylor, 1986). We rep 
titer and verapamil data approximately 3000-times less than 
eased Ca 2+ traffic caused lymph in whole testes of H. virez 

l~la '  

her 
pamil 
at concentrations of 
decrease 
duced 
of immunodectable ecdysteroid 
she; 
fold 
by 
corpora allata synthesized 
absence of external Ca 2÷ and 
verapamil less than 10 -3 M 
Verapamil usually inhibits 
systems in vertebrates at 
berger and Triggle, 1978)• 
channel receptor protein is immunol 
in vertebrate and invertebrate 
Ladzunski, 1987) and it may 
channels in insect testis sheath 
different sensitivities to these 
vertebrate cells. The data presented 
testis tissue from H. virescens 
efficiently at low external titers 
conditions where influx of 

Increasing titers of calcium 
correspondingly stimulated 
M. sexta prothoracic glands 
(Smith and Gilbert, 1986), 
synthesis and release of j~ 
corpora allata of L. migratoria 
1988a,b), indicating a dependence 
ment across the secretory cell membl 
expect, from the calcium titer 
from H. virescens that increased 
by A23187 might severely inhibit 
cretion in both types of testis tissu 
tration was increased. Nevertbele 
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Table 1. Ca 2+ content of tissues and tissue ex 

Composition of 
each two samples 

ns larvae, 100 #1 pooled from eigh 
3-D4 male larvae 
n s  larvae, Eight testes 
3-D4 
n s  larvae, One sample of four test~ 

5 
(in acid methanol) 100/~1 

100 #1 

ght stimulat 
fused testi 

[ysteroid pi 
#M. Ho~ 

steroidogenesi,, 
creased stero 
'Veldhuis and 
result in incr( 
cortical cells (] 

The respons 
Ca 2+ appears s 
cells (Dufau, 1 

Lipke, 1! 
optimally at lc 
~rothoracic gl 

Cooke, 

by fused testis 

nolo 

systems. 

Sty + SEM 

!0 mM 

17 #M 

~9 nM 
in equivalent) 
l0 #M 

a ecdysteroid production 
td only clearly inhibited 

TE-stimulated testes at 
of A23187 on vertebrate 
e; although A23187 in- 
n swine ovarian cells 
, calcium loading did not 
ogenesis in rat adreno- 
., 1980). 
eran testes to exogenous 
that of vertebrate Leydig 
salivary glands (Berridge 

,~, 1983) which function 
dcium, rather than insect 
et al. 1987) which syn- 

better at high cal- 
titers regulate steps 
Leydig cells, such 

ating neuropeptide, 
:hormone (Sullivan and 

cholesterol into 
1988). Low Ca 2+ 

attachment via GTP- 
membrane protein 

g hormone and 
Dufau, 1988). If TE- 

ecdysteroidogenic 
fashion, one would 

stimulation by hormones 
Ca 2+ titer and Ca 2+ 

hormone-receptor 
Evidence for a com- 

~teran testis system 
sheaths of fused 

,steroid before exci- 
optimally in vitro 

stimulated by TE. 
esteroidogenic mechan- 

insect reproductive 

the hemolymph of 
the hemolymph of 
can be as high as 

1963). However, the 
hemolymph may 
the total calcium 

abundant supply of 
calcium binding 

)ort a calcium titer 
;ss than that of the hemo- 

vtrescens. This is not 
tertebrate cells are main- 
1/~M calcium against a 
ttion gradient. Salivary 



• body, spermduct, and other  tissues with sharp 
rceps, perhaps violating the outer cell layer or  Gelm-" 
sement membrane,  allowing entrance of  ions. It is A. I  
:cresting to speculate that al though the steroido- and 
nic cells of  H. virescens testes require low calcium Inv~ 
~dia in order to synthesize ecdysteroid in vitro, they Gilbet 
:re protected from the contents of  the hemolymph Bio 
vivo by a physiological barrier and thus were able Int. 
function as endocrine organs. Lange 

acti, 
Biod 

Loeb i 
SUMMARY 

vire. 

Testes of  the lepidopteran, Heliothis virescens, Ins~ 
~rete ecdysteroid optimally at low titers of  Ca 2+, Loeb 
d increase ecdysteroid secretion Ecd 
annels are blocked by verapamil. This is directly in wor 
ntrast to prothoracic glands of  Manduca sexta Loeb 
rich secrete ecdysteroid in high titers of  Ca 2+ and ofe  
Lder conditions o f  calcium transport mediated by pro, 
aophores. Whole testes are maintained physiologi- Hel 
lly approximately 3000-fold lower in calcium than Loeb 
rrounding hemolymph, implying the presence of  (191 
lcium regulatory mechanisms to maintain the high gYP 
adient between the hemolymph and testis cells, ecd: 

Loeb l 
(191 

I . . . . . .  1 - . /  . . . . .  ~ -  t A  t . . . .  t ' t . ~ - - l . ~  d - ^  'I~T l ' l t / l l l - - .  l k l ;  ~ - - ~ 1  
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